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Gallium is mainly electrowon from sodium aluminate solution (Bayer liquor) of aluminium industries by electrolytic method. 
The effective recovery of gallium is inhibited by the presence of metallic and organic impurities. Investigations on the effect 
of certain metallic impurities, employing linear sweep stripping voltammetry technique on rotating glassy carbon disc elec- 
trode revealed the inhibitive effect of these ions on gallium recovery process in alkaline medium. 
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INTRODUCTION 
E lectrowinning of gallium from sodium aluminate solutions of aluminium industry is practised for many years now. Because 
of its close similarity in atomic radii with aluminium, gallium is 
invariably associated with bauxites to the extent of 0.002 to  0.005%. 
During the working cycle of aluminium, (Bayer process-digesting 
bauxite with alkali) gallium is taken into sodium alaminate solu- 
tion as sodium gallate. Depending on the nature and origin of the 
bauxite ore, sizeable quantities of metallic and organic materials 
also go into the solution when the ore is digested with alkali. 
Because of successive recyclings the concentration of impurities 
in the liquor will gradually build up. The likely elements which 
are often found together with gallium in Bayer liquor are vanadium, 
iron, zinc, arsenic, antimony, molybdenum etc. 
The gallium recovery process consists of gallium deposition on- 
to mercury or sodium amalgam, dissolution of gallium amalgam 
to get sodium gallate solution and electrolysis of the same to give 
gallium metal. The amalgamation step and gallate electrolysis are 
critically inhibited by the presence of these impurities [I-1. 
The aim is to study the effects of these metallic impurities on 
the reduction of gallate from alkaline solution and to interpret these 
results with particular reference to the recovery of gallium. The 
technique of linear stripping voltammetry on a rotating disc glassy 
arbon electrode (GCE) in a solution of alkaline gallate is adopted 
to get information on the above aspects. 
EXPERIMENTAL 
Linear stripping voltammetric studies were carried out using a con- 
ientional all glass electrolytic cell with provision for inkt and outlet 
[or deaerating the solution with pure and dry nitrogen gas. A three 
:lectrode system consisting of a rotatingteflon covered glassy w- 
,on disc (6 mm dia) working electrode, a platinum counter elec- 
rode and a Hg/HgO in 1 .OM NaOH reference electrode were us- 
:d. The solutions were prepared from AR reagents and double 
listilled water. Sodium gallate solution of strength 4.3 x 10-3M 
:allium in 0.5M NaOH was prepared by dissolving gallium oxide 
JMC Grade-2) in alkali solution. 
The gallium metal was deposited on GCE without and with the 
presence of impurities in solution at -2.OV for 2 minutes, which 
was then subjected to anodic sweep followed by cathodic sweep 
to complete the CV in the range - 2.OV to O.OV. Before depositing 
gallium, the working electrode was polished with 3/0 and 4/0 grade 
emery paper, degreased with acetone and finally washed with twice 
distilled water. The following metallic ions viz: vanadium, iron, 
copper, zinc, and lead were added to the solution individually. 
A Wenking (Model LB 75M) potentiostat coupled with a Wenk- 
ing Scan Generator (Model VSG 72) was used for controlling the 
inputs. Tacussel rotating electrode set up (type EAD-10,000) was 
used for controlling the rotation rate of the working electrode. An 
X-Y recorder (Digitronic Model 2000 series) was used to record 
the i-E curves. All the potentials were expressed vs Hg/HgO in 
1.00M NaOH. The measurements were carried out at 298 + 1 K. 
RESULTS AND DISCUSSION 
Linear stripping voltammetric experiments for the gallate systems 
On a rotating GCE, have been carried out in the presence and 
absence of metallic impurities in the solution. These experiments 
yielded well-defined and reproducible current potential curves. 
Fig. 1A shows the typical cyclic voltammetric response of a 
sodium gallate solution having 4.3 x 10-3M gallium in 0.5M 
NaOH. For comparison the stripping curve recorded under iden- 
tical conditions for a solution containingmo gallium in solution 
is given in Fig. 1B. Analysis of the stripping curve reveals that a 
well defined anodic peak for gallium dissolution is obtained at 
about -1.OV (cf. Fig. 1A). The typical influence of metallic im- 
purities in solution on this anodic peak height throws light on their 
effect on gallium deposition. 
The influence of the vanadium ion in solution on the anodic peak 
height is illustrated in Fig. 2. It is noted that the magnitude of the 
anodic peak currents are dependent on the concentration of the 
impurities. In the presence of vanadium an additional anodic 
dissolution peak appears at the potential region of -0.625V which 
corresponds to the accumulation of vanadium along with gallium 
at the time oi  deposition. If the concentration of vanadium in solu- 
tion exceeds the limit of 15mgl-1, the efficiency for deposition of 
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7g. 1: (A) Cyclic voltammetric stripping curve on glassy carbon 
?lectrode after electrolysis at -2.OV fo? 2 minutes in 4.3 x 10 3M 
lallium in 0.5M NaOH. Scan rate 50 mVs 1. Rotating rate 750m-1. 
Zange of potential sweep -2.0 to O.OV, (B) As (A) but without 
rallium in solution 
Fig.2: Effect of vanadium ion concentrations on the stripping curve 
obtained after electrolysis at -2.OV for 2 min in 4.3 x 10 3M 
gallium in 0.5M NaOH. Scan rate 50 mVs- 1. Rotation rate 750 m-1 
Range of potential sweep -2.0 to O.OV. Vanadium ion concentra- 
tions: la) 0 Ibl 5 lcl 15 (dl 25 and (e) 50 mgl 1 
gallium drops rapidly to a minimum. Fig. 5 also clearly illustrates 
this observation. It is well known that gallium electrodeposition 
in alkaline media occurs in parallel with hydrogen evolution reac- 
tion. So the deleterious effect of vanadium above its critical level 
is attributed to  the fact that its catalytic activity on hydrogen evolu- 
tion reaction totally inhibits gallium deposition 171. 
The typical influence of iron on the stripping curves obtained 
is shown in Fie.3. Progressive additions of iron (111) to the solu- 
tion shows that above 10 mgl-1 it precipitates out as hydroxide 
under the experimental conditions employed. The relative influence 
of iron on the deposition of gallium can be drawn from the 
magnitude of the anodic peak heights. It is reported that iron also 
catalyses the hydrogen evolution, the consequence being reduction 
in gallium deposition efficiency. 
The influence of lead, copper and zinc on the anodic peak height I 
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Pitchumani eta1 - Synthesis of polythiophene: n-type and p-type doping and compensation 
during redoping shows the n-type doping on the neutral 
polythiophene film. The increase in conductivity level, as seen in 
Fig.3, is not as high as that of p-type. This shows that during a 
single stage of doping the possibility of inserting the counter ion 
into the interior layers of the polymer film is slow and less effec- 
tive as compared to the occurrence of the doping process along 
with polymerization observed in the case of p-type polythiophene 
synthesis. These curves further show the occurrence of compensa- 
tion of p-type conductivity over by n-type conductivity which in- 
dicates the possibility of utilizing these materials in a variety of 
potential semiconductor device applications. 
From these observation and the overail shape of the compensa- 
tion curves as well as the fact that the doping can be removed elec- 
trochemically, it can be thought that the doping results from charge 
transfer reaction [lo]. In the w e  of a p-type doping, charge transfer 
is believed to occur from polymer to acceptor (A) with the polymer 
chain acting as poly cation in the presence of A- species as indicated 
below 
where A- = BF4- or C104 or AsF6- 
For n-type doping, the polymer can act as a polyahion in the 
presence of donor (D) species and can be represented as follows: 
D +  or A- ions by the coloumb potential, forming donor or ac- 
ceptor states in the gap. At low levels, thermal activation out of 
the bound states results in carriers for transport along the polymer 
chain. Above certain level of doping, the bound states can be 
screened and the carriers are free to move along the polymer chains 
which can result in metallic behaviour of the polymer [I 11. The 
compensation, as evident from the curve occurs through the for- 
mation of (A- D+) ,  leaving the polymer chain essentially as 
neutral and without electronic carriers. 
CONCLUSION 
An in situ electropolymerization offers a simple methodology to 
synthesise n-type, p-type and neutral polythio-phenes with the 
precise control of doping profile and thickness, besides the com- 
pensation of one type of conductivity over the other. 
REFERENCES 
1. A B McDiamid and A J Heeger, Synthetic Metals, 1 (1980) 109 
2. S Pitchumani and V Krishnan, B Electrochem, 3 (1987) 117 
3. R W Murray in Electroanalytical Chemistry (Ed) A J Bard,Vol. 
13, Marcel Dekker Inc, New York, (1984) p 191 
4. M Aldissi, Synthetic Metals, 9 (1984) 13 1 
5. D M Ivory, G G Miller, J M Solwa, L W Shacklette, R R 
Chance and R H Baughman, J Chem Phys, 71 (1979) 1506 
6. K K Kanazawa, A F Diaz, W G Gill, P M Grant, G B Street, 
G P Gardini and J F Kwak, Synthetic Metals, 4 (1981) 119 
7. G Tourillon and F Garnier, J Electroanal Chem, 135 (1982) 
1973 
where D +  = (C4H9)4N+ or Na+ or K+ 
The charge transfer in all these cases need not be complete. The 
resulting electron or hole on the polymer chain is bound to the 
8. M Vijayan, S Pitchumani and V Krishnan, Indian Pat. 276 
Del 85 
9. T C Clarke and G B Street, Synthetic Metals, 1 (1980) 119 
10. G Wagner, Angew Chem Int Edn, 20 (1981) 361 
11. C K Chiang, C R Fincher Jr, Y W Park, A J Heeger, H 
Shirakawa, E J Louis, S C Gan and A G MacDiarmid, Phy 
Rev Lett, 39 (1977) 1098 / 
8. Electrochem 4(4) Apr 1988 381 
